Ambient monitoring of acid aerosols in four U.S. cities and in a rural region of southern Ontario clearly show distinct periods of strong acidity. Measurements made in Kingston, TN, and Steubenville, OH, resulted in 24-hr H+ ion concentrations exceeding 100 nmole/m3 more than 10 times during summer months. Periods of elevated acidic aerosols occur less frequently in winter months. The H+ determined during episodic conditions in southern Ontario indicates that respiratory tract deposition can exceed the effects level reported in clinical studies. Observed 12-hr H+ concentrations exceeded 550 nmole/m3 (approximately 27 gg/M3 H2SO4). The maximum estimated 1-hr concentration exceeded 1500 nmole/m3 for H+ ions. At these concentrations, an active child might receive more than 2000 nmole of H+ ion in 12 hr and in excess of 900 nmole during the hour when H2SO4 exceeded 50 gg/M3.
Introduction
It is now established that atmospheric pollutants can be quite acidic. The precursors of these acidic species, sulfur dioxide (SO2) and nitrogen oxides (NO2), originate mostly from fossil fuel combustion sources. Unfortunately, there are only a limited number of locations where aerosol acidity measurements have been conducted. Figure 1 summarizes these studies, most of which were of a short duration and were performed in the summer months. Sampling durations, intervals, and frequency varied as did the instrumentation and methods. Figure 1 provides an indication of the range in equivalent sulfuric acid (H2SO4) concentrations expressed in micrograms per cubic meter equivalents of H2SO4 obtained from these studies. More details will be reported in the EPA document "An Acid Aerosols Issue Paper: Health Effects and Aerometrics" (1) .
In contrast to short duration studies, the Harvard School of Public Health has been engaged in an intensive effort to characterize ambient acidic aerosol concentrations as part of its prospective epidemiologic study on chronic respiratory effects of air pollution. Acid aerosol measurements were conducted as part of the ongoing Harvard Six-Cities Study (2, 3) and Health and Welfare's Canada Acute Respiratory Effects Studies, CARES 1986 (4, 5) . Acid Harvard Six-Cities Study involved daily measurements of aerosol strong acidity and have been conducted for a minimum of nine consecutive months in four U.S. cities: Portage, WI; St. Louis, MO; Steubenville, OH; and Kingston, TN. The methods for measuring strong acidity of atmospheric aerosols and its temporal variation in Kingston, TN, and St. Louis, MO, are reported in Koutrakis et al. (3) . Figure 2 summarizes the distributions of strong acidic aerosol reported as H+ and equivalent H2SO4 concentrations for these four cities.
Kingston/Harriman and St. Louis were monitored December 1985 through early September 1986. Steubenville and Portage were monitored from November 1986 to early September 1987. Despite possible year-toyear differences in atmospheric acidity due to variations in source emissions, formation, and neutralization processes, the acid content of fine aerosols appears different in these cities. In St. Louis and Portage aerosols are less acidic than in Kingston and Steubenville. This observation is intriguing because Kingston and St. Louis experience similar concentrations of fine particles (da < 2.5 jm) and aerosol sulfate.
It is difficult to fully understand the apparent differences in the measured aerosol activity, as ambient ammonia (NH3) measurements were not included in the sampling scheme. Such information will lead to a better understanding of the spatial variations in acid aerosol content.
Examining the plots of daily H+ ion concentrations reveals a seasonal pattern with lower concentrations in the winter months (Fig. 3) The outdoor microenvironment can be considered as two distinct environments: day and night. The distinction is important because 24-hr strong acidity measurements will underestimate elevated concentrations that are commonly observed during the daytime hours under convective mixing. At night, the acidic aerosol near the ground tends to be neutralized by ammonia from ground level sources. The day/night average ratio of H+ ion concentrations was 1.6 over the 42 summer days of acidic aerosol monitoring in southern Ontario (5).
The second reason for distinguishing between daytime and nighttime has to do with time/activity patterns. Children are more likely to be outdoors during the day, particularly in the summer. The time that an individual spends in particular locations or doing certain activities will contribute to the overall timeweighted exposure. Information on the time-activity patterns of children is limited. Time activity studies have been conducted mostly on adults (16) (17) (18) (19) .
To understand the time-use patterns of children with the specific intention to study air pollution expo- [1] The mean annual seasonal, daily, or hourly exposure to H+ could be estimated from Equation 1 . Knowing the mean and standard deviations of each term will permit the estimation of a distribution of exposures expected in a population of children (20) . The terms are defined as follows: Co, outdoor H+ ion concentration in nmole/m3 for (w) winter, (sd) summer day, (sn) summer night; f, fractional penetration of acidic aerosol indoors for (w) winter and (s) summer conditions, dimensionless; t, fractional proportion of time a child spends (o) outdoors, (i) indoors in the (w) winter, in (sd) summer days, and in (sn) summer nights, dimensionless. The mean and standard deviations for each of these terms are derived from data obtained in our studies. 
Short-Term Exposures
Long-term acidic aerosol exposures may not be the exposure measure most relevant to respiratory effects and pulmonary changes. Studies of airway reactivity, mucociliary clearance, and pulmonary function in humans and animals have investigated the influence of acidified and neutralized aerosols (1) .
Drawing upon the more recent studies, some insight on the relevant exposure parameters can be derived (1) . In human subject studies where controlled exposures were done in chambers or with mouthpieces, the exposure durations were typically short. During some exposures, subjects engaged in moderate exercise to increase their ventilation rates. Particle size, humidity conditions, and acidic species varied among studies.
General observations indicate that changes in pulmonary function and airway resistance occurred at lower concentrations in asthmatics than in nonasthmatics. Also, some studies showed a delayed effect where symptoms were not immediately associated with exposures but were apparent a week later (21) . Observations of delayed effects have also been noted by Utell and Spektor (22, 23 (4, 29) . Camp Kiawa is located on the north shore of Lake Erie, 60 km west of Buffalo, NY. Ambient 12-hr H+ ion concentrations as well as particulate mass, ozone, and other air contaminants were measured over 42 days (5) . However, when measurable levels of sulfuric acid are present, it implies that the particulate sulfur is in an acidic form, being only partly neutralized by gaseous ammonia.
The 12-hr average concentrations of H+ ion over the 36 hr comprising this event were 200, 560, and 250 nmole/m3. During the most extreme hour of this event H2SO4 made up approximately 50% of the total particulate sulfate measured. An upper bound on the H+ ion concentration for this hour can be estimated by assuming that total sulfate aerosols consisted of a mixture of 50% H2SO4 and 50% (NH4)HSO4. On this assumption, which is supported by making a similar calculation over the 12-hr period, the 1-hr concentration would be 1555 nmole/m3
In order to calculate the H+ exposure to children during this episode, we would have to know the following: concentration of H+; minute ventilation rate of the child or total inhalation volume of the time period of interest; fraction of inhaled aerosol deposited in the respiratory tract. A child's minute volume depends on (36) . However, there is little direct evidence on particle deposition in young children. Smaller airways, combined oral and nasal breathing, increased ventilation during exercise, and inhalation of water-soluble acidic aerosols may greatly influence overall retention and compartment-specific retention. Because diffusional deposition increases as bronchioles decrease in diameter and because hygroscopic aerosols should have enhanced deposition, the actual lung retention of acidic particles may be closer to 60% (37) .
The delivered dose of H+ can be calculated from the following equation: Intrigued by inconsistencies in the results of human exposure studies and the apparent discrepancy between the ambient concentrations and reported effect levels in clinical studies, we reexamined exposure in terms of delivered dose of aerosol H+ ions. It turns out that subjects in the Utell et al. study (25) and the Koenig et al. study (28) were experiencing approximately the same airway dose of 1200 nmole H+ ions at the level evoking a response even though they reported their exposures as 450 ,ug/m3 and 100 ,ug/m3 H2SO4 concentrations, respectively.
Finally, it is demonstrated that children engaged in summertime outdoor activities can experience H+ doses comparable to effects levels reported in human clinical studies. During one prolonged acidic aerosol event occurring in southern Ontario, it was likely that children received an average 1-hr respiratory tract dose of 840 nmole and a 12-hr dose of 2150 nmole H+ ions. While the actual averaging time for the exposure metric is not established, it does appear that on the basis of dose, actual ambient acid aerosol concentrations can be within the range of exposures evoking responses in human clinical studies.
